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DEPARTMENT OF THE ARMY
A NEW ENGLAND DIVISION, CORPS OF ENGINEERS
¥ 424 TRAPELO ROAD
4 WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:
NEDED

JUN 25 1979

Honorable Hugh J. Gallen

Governor of the State of New Hampshire
State House '
Concord, New Hampshire 03301

Dear Governor Gallen:

I am forwarding to you a copy of the Pembroke Dam Phase T Imnspection
Report, which was prepared uunder the National Program for Imspection of
Non-Federal Dams. This report 1s presented for your use and is based
upon a wvisual inspection, a review of the past performance and a brief
hydrolegical study of the dam., A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me iInformed of the actions -taken to implement them. This follow—up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Water Resources Board,
the cooperating agency for the State of New Hampshire. In addition, a
copy of the report has also been furnished the owner, Thomas Hodgson and
Sons, Inc., Canal Street, Suncook, New Hampshire 03275.

Copies of this report will be made available to the publie, upon
request, by this office under the Freedom of Information Act. 1In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Water Resources
Board for your cooperation in carrying out this program.

Sincerely yours,

N P. CHANDLER
onel, Corps of Engineexs

ision Engineer

Incl
As stated
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NATIONAL DAM INSPECTION PROGRAM

PHASE I REPORT

Identification No.: NH 00377

NHWRB No.: 190.02

Name of Dam: PEMBROKE DAM

Town: Pembroke-Allenstown
County and State: Merrimack County, NH
Stream: Suncook River

Date of Inspection: November 7, 1978

BRIEF ASSESSMENT

Pembroke Dam is a stone masonry gravity dam constructed on
bedrock. The dam is 108 feet long and approximately 25.6 feet
high. The total spillway length is 77 feet and consists of

2 sections at approximately 90° to each other. One leg is

57 feet long and the second leg is 20 feet long. The right
end of the dam has an old mill building with abandoned power
generating facilities and two sluice gate openings. The two
sluice gates, which are no longer operable, are the only out-
let works at the dam.

Available records indicate that the dam was originally con-
structed in 1891 and was altered in 1893. The dam was built
to provide power for the mill building located at the right
end of the dam. The dam is no longer used to provide power
for the mill. Suncook Mills was the owner from 1918 to at
least 1948 and probably owned the dam from the time of its
construction. According to records obtained by the New Hamp-
shire Water Resources Board (NHWRB), the dam is owned by
Thomas Hodgson and Sons, Inc., of Suncook, N.H.

The dam lies on the Suncook River. The drainage area for the
structure is 2359 square miles. The dam's maximum impoundment

of 34 acre-feet and height of 25.6 feet place the dam in the
SMALL size category. In the event of a failure of Pembroke Dam,
it is unlikely that the downstream flows caused by the failure
would result in loss of life or serious economic damage. For
this reason, the dam is assigned a LOW hazard potential classi-
fication.

Based on the size and hazard classification, and in accordance
with the Corps of Engineers’ guidelines, the Test Flood (TF)
would be between the 50 and 100-year floods.



The

S8ince the hazard potential is on the low side of the LOW
the test flow was taken as the 50-year flood
test flow for the 50-year flood is 12,190 cfs and would result
. . Analyses revealed

category,
in an overtopping of the dam cf 8.4 feet
It is recommended that further

that high flows cause the dam to be submerged by the tailwater
, the downstream flows would not be greatly affected
Pembroke Dam is in POOR condition at the present time and re-
A recom-

Therefore
by a failure of the dam
quires extensive maintenance.
investigations be made into the scurce of seepage at the mill
foundation and that this seepage and the seepage through the
. It is recommended that the
technical inspections

spillway be brought under control
sluice gates be rehabilitated or structurally sealed
mended remedial measure is to concrete face all stone masonry
In light of the dam's POOR condition, i

should be made every yvear
The recommendations and improvements cutlined above should be
implemented within one year of receipt of this report by the

owner,
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This Phase I Inspection Report on Pembroke Dam

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, counclusions, and recommendations are
consistent with the Recommended Guidelines for Safetv Inspection of
Dams, and with good engineering judgment and practice, and is hereby
-submitted for approval.
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JOSEPE A. MCELROY, MEMBER
Foundation & Materials Branch
Engineering Division
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CARNEY M. TERZIAN, MEMBER
Design Branch o
Engineering Division
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1’
.GZ:SEPH FINEGAN, JR., C
ief, Xeserveir Contrel Ce
“ater Control Branch
Engineering Division

APPROVAL RECOMMENDED:
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£730E B. FRYAR
Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
buman life or property. The assessment of the general con-
dition of the dam is based upon available data and visual
inspections, Detailed investigation and anzlyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of

a Phase I investigation; however, the investigation is inten-
ded to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the reser-~
voir was lowered or drained prior to inspection, such action,
while improving the stability and safety of the dam, removes
the normal load on the structure and may obscure certain
conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be
incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some
point in the future. Only through continued care and inspec-
tion can unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Test Flood is based on the
estimated "Probable Maximum Flood" for the region (greatest
reasconably possible storm runoff), or fractions thereof. Be-
cause of the magnitude and rarity of such a storm event, a
finding that a spillway will not pass the Test Flood should
not be interpreted as necessarily posing a highly inadequate
condition. The Test Flood provides a measure of relative
spillway capacity and serves as an aid in determining the
need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and
the downstream damage potential.

iv
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PHASE I INSPECTION REPORT

PEMBROKE DAM

SECTION 1

PROJECT INFORMATION

General

(a)  Authority

Public Law 92-367, August 8, -1872, authorized the
Secretary of the Army, through the Corps of Engineers,
to initiate a national program of dam inspection through-
out the United States. The New England Division of the
Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New
England Region. Goldberg, Zoino, Dunnicliff & Associates,
Inc. (GZD) has been retained by the New England Division
to inspect and report on selected dams in the State of
New Hampshire. Authorization and notice to proceed was
issued to GZD under a letter of November 28, 1978 from
Colonel Max B. Scheider, Corps of Engineers. Contract
No. DACW 33-79-C-0013 has been assigned by the Corps
of Engineers for this work,

{b) Purpose

(1) Perform technical inspecticn and evaluation
of non-federal dams to identify conditions which
threaten the public safety and thus permit cor-
rection in a timely manner by non-federal inter-
ests,

(2) Encourage and prepare the states to initiate
quickly effective dam safety programs for non-
federal dams.

(3) Update, verify, and complete the National
Inventory of Dams.

(c) Scope

The program provides for the inspection of non-
federal dams in the high hazard potential category based
upon location of the dams and those dams in the signifi-
cant hazard potential category believed to represent an
immediate danger based on condition of the danm.
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Description of Project

(a) Location

Pembroke Dam lies on the Suncoock River and crosses
the town lines of Pembroke and Allenstown, N.H. The dam
is about 50 feet downstream from where the Main Street
Bridge crosses the Suncook River and is about 0.6 miles
upstream from the confluence of the Suncook and Merrimack
Rivers. The portion of the USGS Suncook, N.H. gquadrangle
presented previously shows this locus. Figure 1 of
Appendix B presents a detail of the site developed from
the inspection visit and the gquadrangle map.

(b) Description of Dam and Appurtenances

The dam and appurtenances consist of a dry squared
stone masonry spillway and a mill building with abandoned
power generating facilities. There are two sluice gate
openings.

The spillway consists of two legs at approximately
a 90° angle to each other. The shorter leg, running
parallel to the flow of the river, ties into the mill
building and is about 20 feet long. The longer leg of
57 feet ties into a bedrock outcrop which forms the
left abutment. Both legs of the spillway have a
stepped foundation. The steps start approximately
13 feet below the crest of the right leg and 10 feet
below the crest of the left leg. An outlet tunnel
approximately 18 inches high by 24 inches wide is
located at the top of the stepped foundation midway
on the left leg of the spillway. Two bricked up open-
ings are located on the left leg of the spillway; one
above the outlet tunnel and the other adjacent to the
left abutment.

The building foundation, part of which forms the
right end of the dam, consists of a combination of dry
and cemented stone masonry. Two sluice gates are located
in the upstream face of the foundation. The width of
the building at this point is approximately 30 feet and
skews upstream at approximately 75 degrees to the dam
axis. Approximately 30 feet from the left end cf the
building a cegented, stone masonry wall turns upstiream
at about a 920  angle. The wall is approximately 75 feet
long and extends to the highway right-of-way.
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The upstream end wall of the original mill build-
ing has been reconstructed with a new brick masonry
bearing wall whose foundation is approximately 6 feet
downstream from the right end of the dam. Two 8 foot
diameter riveted steel penstocks located within the
building are connected to the sluice gate outlets.

The steel penstocks are 10 feet in diameter at their
ends. All power generating eguipment has been removed.
The interior of the foundation wall has been lined with
brick set in mortar. -A stone arch opening with approxi-
mately a 25 foot span is located approximately 100 feet
downstream of the building forebay and is the remains of
the building sluiceway. ’

The two sluice gates with timber stems cannot be
observed. A steel trash rack is located in front of the
sluice gates.

A wing wall extension of the left leg of the
spillway which is approximately 15 feet long and
founded on rock consists of granite slabs held together
by vertical steel pins. The top of this wall is approxi-
mately 4 feet above the spillway crest.

(ec) Size Classification

The dam's maximum impoundment of 34 acre-feet and
height of 22 feet are below the 1,000 acre-~foot and 40
foot height limits for the SMALL size category as
defined in the "Recommended Guidelines."”

(d) Hazard Potential Classification

In the event of a failure of Pembroke Dam the
downstream water levels would rise approximately 1 to
2 feet. A rise in water levels of this amount would
not result in significant economic loss or pose a
threat of loss of life. TFor these reasons, a LOW
hazard potential classification is warranted.

(e) Ownership

According to records obtained by the NHWRB the
dam is owned by Thomas Hodgson and Sons, Inc. of
Suncook, N.H. The firm is located on Canal Street
in Suncook,



(f) Operator

At the present time no one operates the structure.

(g) Purpose of Dam

The dam was originally built to provide power for
the mill located at the right side of the dam. Ng¢ power
is being generated presently.

{(h) Design and Construction History

The recorded history of this dam is very meager and
is limited to the fact that the dam was built in 1891
and altered in 1893. However, the nature of the alter-
ations is not described in any of the available data.
Power was generated at the site at least until 1948, but
the generating equipment has since been removed.

(i) Normal Operational Procedures

There are no operational procedures for this dam.

Pertinent Data

(a) Drainage Area

The drainage area consists of 259 square miles of
gently to steeply sloping terrain. Most of the area is
forested with very little development.

(b) Discharge at Damsite

(1) Outlet Works

The outlet works at the dam are two sluice
gates which supplied water to the 2 penstocks in
the mill building. The water was used for power
generaticn. The sluice gates are not operable.

(2) Maximum Flcod at Damsite

The maximum flood at the damsite is not known,
however, China Dam only 800 feet downstream has a
recorded peak flow of 12,100 cfs in March 19, 1836.

{3} Spillway Capacity at Maximum Pool Elevation:

1848 cfs.



(ec)

(d)

(e)

(£

(1)

(2)

Elevation (ft. above MSL)

Top of lower abutment: 248.1
Top of upper abutment: 251.6

Maximum pool: 248.1

(3) Normzal pocl: 244.1
(4) Spillway crest: 244.1
(5) Streambed at centerline: 226.0
(6) Maximum tailwater: Unknown
Reservoir
(1) Length - maximum pool: 1000 feet +
normal pool: 500 feet + ™

(2) Storage - maximum pool: 34 acre-feet +

normal pool: 30 acre-feet +
(3) Surface area - maximum pocl: 2 acres +

normal pool: 1 acre +
Dam
(1) Type: Stone masonry gravity dam on bedrock
(2) Length: 108 feet
(3) Height: 25.6 feet
(4) Top width: 4 feet + at spillway
(5) Side slopes: Spillway U/S 3 horizontal to
12 vertical
Spillway
(1) Type: Stone masonry gravity dam with a broad-
crested weir
(2) Length of weir: Two sections at approximately
right angles; 20 feet and 57
feet in length

(3) Crest elevation: 244.1
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(4) U/S channel: Full width of river, river is
narrow with steep banks

(5) D/S channel: Full width of river. except for
mill building at right side

{(g) Regulating Outlets

See section 1.3 (b) (1).



2.1

SECTION 2 - ENGINEERING DATA

Design Records

The design of the dam is quite simple and incorporates

no unusual features. No original design drawings or calcula-
tions are available. :

2.2

dam.

2.4

Construction Records

No construction records are available for this dam.

Operational Records

No operational records of value are available for this

Evaluation of Data

(a) Availability

The lack of any design or construction drawings is
a significant shortcoming. Therefore, an unsatisfactory
assessment for availability is warranted.

{(b) Adeauacy

The lack of in-depth engineering data does not
permit a definitive review., Therefore, the adequacy of
the dam cannot be assessed from the standpoint of review-
ing design and construction data. This assessment is
based primarily on the visual inspection, past perform-
ance, and sound engineering judgment.

(c) Validity

Since the observations of the inspection team
generally confirm the information contained in the files
of the New Hampshire Water Resources Board, a satis-
factory evaluation for validity is indicated.



SECTION 3 - VISUAL OBSERVATIONS

Findings

(a)

time.

General

Pembroke Dam is in POOR condition at the present

The structure requires extensive maintenance to

prcvide for its continued use.

(b)

Dam

(1) Spillway

Seepage was observed at numerous locations
through the open Jjoints. The outlet tunnel loca-
ted at the top of the stepped foundation discharges
water at approximately 50 gpm. This appears to be
a drain outlet, since there is no evidence of a
control structure. A bricked up opening approxi-
mately 3 feet square is located above the drain
outlet. Another bricked up opening approximately
6 feet wide and 8 feet high is located adjacent
to the left abutment. There are two courses of
squared stone blocks which extend approximately
3 feet above this brick. It is conceivable
that this was the location of a former waste
gate.

(2> Mill Building Foundation

This structure is in poor condition., Obser-
vations of the interior of this foundation revealed
that seepage at a rate of 5 to 10 gpm was emanat-
ing from the corner of the foundation adjacent to
the right end of the spillway. Seepage at the
approximate rate of 10 to 20 gpm is cccurring
through the foundation located to the right of the
right sluice gate. Seepage through the brick
masonry was observed at numerous random locations.
The timber sluice gates are partially rotted
resulting in a high rate of seepage flowing into -
the chamber. Standing water is prevalent over
the major portion of the base of this chamber.

Modifications were made to the original floor
supports to provide support for heavy machinery
loads. This was accompanied by setting intermedi-
ate columns. The building is presently occupied
by a furniture making company.
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Some of the columns were founded on the
crown of the penstocks which has resulted in
permanent deflection of these conduits. It is
not known whether this procedure had the approval
of the local building inspector or other authority.
The forebay wall has been patched with concrete
where stones had previously been dislodged.

(3) Right Upstream Training Wall

The right training wall is in fair condition
with the exception of minor joint ercsion at the
spillway crest elevation which is attributed to
moisture intrusion which has-been subjected to
alternating freeze and thaw cycles and ice

damage.

(4) Left Wing Wall

The dry stone masonry wing wall set on the
left abutment is tightly constructed and is in
good condition,

(5) Sluice Gates

Both sluice gates are inoperable. These
gates are significantly deteriorated. The gate
operating equipment has not been maintained and
has deteriorated. The hand wheel has been
removed from the left gate.

3.2 Evaluaticn

Pembroke Dam is in POOR condition. Seepage through the
spillway and the building foundation at the right end of the
dam are major concerns. Erosion at the left end of the spill-
way has been halted by the placement of the stone training
wall upstream. The lack of maintenance of the dam and the
operating facilities are the reasons for the dam's POOR

condition.
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ties.

4.4

SECTION 4 - OPERATIONAL PROCEDURES

Procedures

There are no operational procedures for the dam.

Maintenance of Dam

No maintenance is performed on the dam.

Maintenance of Operating Facilities

No maintenance is performed on any-.of the dam's facili-
None of the gates are operational-.

Description of Warning System

No formal warning system exists for this dam.

Evaluation

The dam's present POOR condition is a direct result of the

lack of maintenance performed at the dam.
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SECTION 5 - HYDRAULICS/HYDROLOGY

Evaluation of Features

(a) General

Pembroke Dam is a run-of-the-river dam on the
Suncook River at Suncook, New Hampshire. This dam is
about 50 feet downstream of the Main Street Bridge over
the Suncecok River and about six-~-tenths of a mile above
the river's confluence with the Merrimack River. The
dam is a stone masontry gravity structure with two broad-
crested spilliways at right angles to each other having
lengths of 20 and 57 feet.

(o) Available Data

-Pata sources available for Pembroke Dam include
prior inventory and inspection reports. Much of the
basic data for the dam is contained in the New Hampshire
Water Control Commission's "Data on Dams in New Hampshire"
(April 26, 1939); the New Hampshire Water Resources
Board’s "Inventory of Dams and Water Power Developments'
(August 3, 1935), "Water Power Developments in New
Hampshire" (January 28, 1248), and "Water Powers of
New Hampshire'" (July 10, 1942); and the Public Service
Commission of New Hampshire's '"Dam Record" (undated).
Inspection reports dated June 5, 1918; June 14, 1950,
and December 5, 1977 are avallable as are a 1939 sketch
of the dam and related spillway capacity calculations.
There are also several letters dated in 1978 in which
the New Hampshire Water Resources Board attempts to
identify the dam's owner,

More recent data includes a 1977 Flood Insurance
Study by Anderson-Nichols and Company, Inc. (ANCO)
which covers this portion of the Suncook River. This
work includes 10, 50, 100 and 500-year peak inflows;
cross~-section data at various points on the Suncook
River (including the dam and the bridge just upstream);
and HEC-2 runs for the 10, 50, 100, 500-year flows

(c) Experience Data

No records of flow or stage are known to be avail-
able for Pembroke Dam, China Dam 800 feet downstream of
Pembroke Dam has a recorded peak flow of 12,100 cfs on
March 19, 1936. (From USGS Water Supply Paper 798,

"The Floods of March 1936.'%).
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(d) Visual Observations

The approach channel upstream of the dam is narrow
with steep banks on each side. The right bank consists
of a high granite block wall. About fifty feet upstream
of the dam, the river is crossed by the Main Street
Bridge which has a clear span opening of about 70 feet
and a low chord height of about 16.8 feet above the
spillway crest,

Downstream of Pembroke Dam, the river immediately
enters the pool of China Dam which is located about 800
feet downstream of Pembroke Dam., A built-up area on the
right bank of the river in the vicinity of China Dam
has about 5 homes located near elevation 239 feet up-
stream of the dam and about 3 homes near elevation 218
feet in the area below the dam. About 800 feet downstream
of China Dam the river is crossed by a conduit bridge
having a clear span of about 98 feet. China Mill is at
an elevation of 205 feet above MSL slightly downstream
of the bridge. Below this structure the floodplain of
the river widens considerably before joining the Merri-
mack River another 1,400 feet further on,.

(e) Test Flood Analysis

The hydrologic conditions of interest in this
Phase I investigation are those required to assess
the dam's overtopping potential and its ability to
safely allow an appropriately large flood to pass.
This requires using the discharge and storage charac-
teristics of the structure to evaluate the impact of
an appropriately sized Test Flood. None of the original
hydraulic and hydrolcgic design records are available
for use in this study.

Guidelines for establishing a recommended Test
Flood based on the size and hazard classification of
a dam are specified in the "Recommended Guidelines"
of the Corps of Engineers. The impoundment of less
than 1,000 acre-feet and the height of less than 40
feet classify this dam as a SMALL structure.

The appropriate hazard classification for this
dam is LOW. Although the failure of Pembroke Dam would
cause a one to twoe foot rise in downstream water sur-
face, the surface would still be well below a hazard-
cus level. It is unlikely that failure of Pembroke
Dam would cause loss of life or serious economic
losses.
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As shown in Table 3 of the Corps of Engineers'
"Recommended Guidelines," the appropriate Test Flood
for a dam classified as SMALL in size with a LOW hazard
potential would be between the 50-year flow and the 100-
year flow. The ANCO Flood Insurance Study gives a 50~
year flow of 12,190 cfs and a 100-year flow of 15,115
cfs. Since the hazard classification is on the low side
of LOW, the 50-year flow of 12,190 cfs is appropriate
for use as the Test Flood for this dam. The peak ele-
vation created by the flow of 12,190 cfs would be
256.6 feet MSL, 12.4 feet above the spillway, and 8.4
feet above the lower abutment and 4.9 feet above the
upper abutment.

This dam would be seriously overtopped by the
Test Flood, which is the 50-year flow. Indeed, ANCO's
10-year flow of 7000 cfs would overtop the lower abut-
ment by about 5.25 feet. However, it wculd appear from
the hydraulics of this low head dam that higher flows
would cause the dam to be submerged, and that downstream
flows would not be greatly affected by failure of the
dam. At low flows, dam failure would increase downstream
flows, but they would remain below hazardous levels,

(£) Dam Failure Analysis

The peak cutflow that would result from the failure
of Pembroke Dam is estimated using the procedure suggested
in the Corps of Engineers New England Division's April
1978 "Rule of Thumb Guidelines for Estimating Downstream
Dam Failure Hydrographs,' as clarified in a December 7,
1978 meeting at the Corps' Waltham office. Failure is
assumed to occur with the water surface elevation at
the top of the lower abutment, 4.0 feet above the spill-
way crest, at an elevation of 248.1 feet.

The discharge prior to failure with the water level
at the top of the lower abutment, 4.0 feet above the
spiliway, would be 1850 cfs as determined from the Stage-
Discharge curve developed and shown in Appendix D. This
flow is significantly less than ANCO's estimated 10-year
flow of 6980 cfs. The tailwater prior to failure would
be 233.4 feet MSL, 10.7 feet below the spillway.

With a 30-foot gap opened in the spillway, dam
fajijlure would cause flow to increase by 2840 cfs to 4690
cfs. There are several areas along the Sunccok downstream
vulnerable to flooding, including about 5 houses at
239.0 feet MSL 650 feet downstream of the dam; China Dam



750 feet downstream of Pembroke Dam; about 3 houses at
elevation 216.0 feet MSL below China Dam; a trestle
carrying a sewer line across the Suncook below China
Dam; and China Mill at elevation 205.5 feet MSL just
before the confluence with the Merrimack River.

The sudden increase in flow caused by the failure
of Pembroke Dam would increase the head at China Dam from
2.3 feet to 4.3 feet (elevation 230.1 MSL, still 2.7 feet
below the top of the abutments). The increase would not
cause flooding at any of the other locations of interest,
which are all well above the flood wave which would be

generated by dam failure.



SECTION 6 - STRUCTURAL STABILITY

Evaluation of Structural Stability

(a) Visual QObservations

The field investigation revealed no significant
displacement or distress which would warrant the prep-
aration of structural stability calculations, based
on assumed sectional properties and engineering factors.

There is seepage through open joints in the spill-
way, the mill building foundation and the partially
rotted timber sluice gate at the mill building. The
sluice gates are deteriorated and inoperable.

(b) Design and Construction Data

No plans or calculations of value to a stability
assessment are available for this dam.

(c) Operating Record

No operating records are available for the dam.
The dam has withstood overtopping on several occasions
in the past.

(d) Post Construction Changes

The post construction changes that have been made
have improved the stability of the dam.

(e) Seismic Stability

The dam is located in Seismic Zone No. 2 and, in
accordance with recommended Phase I guidelines, does
not warrant seismic analysis.
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SECTION 7 ~ ASSESSMENT, RECOMMENDATIONS, AND
REMEDIAL MEASURES

Dam Assessment

(a) Condition

The Pembroke Dam is in POOR condition at the
present time.

(b) Adequacy of Information

The lack of in-depth engineering data does not
permit a definitive review. Therefore, the adequacy
of the dam cannot be assessed from the standpoint of
reviewing design and construction data. This assess-
ment is based primarily on the wvisual inspection, past
performance, and sound engineering judgment.

(c) Urgency

The engineering studies and recommendations
regarding the spillway seepage, foundation seepage,
and condition of the sluice gates should be implemented
by the owner within one year of receipt of the Phase 1
inspection Report.

(d) Need for Further Investigation

Additional investigations should be performed by
the owner as outlined in paragraph 7.2,

Recommendations

It is recommended that the services of a registered

professional engineer be retained to:

(1) Evaluate the source of the seepage in the mill
foundation and bring the seepage under control.

(2) Evaluate rehabilitation or sealing the sluice
gates and their operating mechanisms.

(3) Evaluate the foundation support system for the
first floor of the building.

The findings of these studies should be implemented
by the owner.



7.3 Remedial Measures

The recommended minimum remedial measures for this dam
are to place a concrete face on all stone masonry and to
bring the seepage through the spillway under control. Also
institute a program of annual technical inspections.

7.4 Alternatives

Cne alternative to these recommendations would be to
breach the dam.
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VISUAL INSPECTION CHECKLIST



INSPECTION TEAM ORGANIZATION

Date: November 7, 197§

NH 00377
PEMBROKE DAM
Allenstown-Pembroke, New Hampshire

Suncook River
NHWRB

Weather: Overcast, 50°F +

INSPECTION TEAM

Nicholas A. Campagna Goldberg, Zoino, Dunnicliff

& Associates, Inc. (GZD) Team Captain
William 8. Zoino GZD Foundations
Robert Minutoli GZD Soils
Andrew Christo Andrew Christo Engineers

(ACE) Structural
Paul Razgha ACE Concrete
Richard Laramie Resource Analysis, Inc. Hydrology

The inspection team was accompanied by Mr. Pattu Kesavan of
the New Hampshire Water Resources Board.



Pembroke Dam
Allenstown-Pembroke, NH

November 7, 1978
NH 00377

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED

BY

" CONDITION & REMARKS

DAM SUPERSTRUCTURE
A. General

Vertical alignment and
movement

Horizontal alignment and
movement

B. Mill Building Foundation
(Right Abutment)

Seepage

C. FRight Training Wall

D. Left Abutment
OQUTLET WORKS
A, Spillway

Seepage

AC

4¢

No deficiencies noted
No deficiencies noted

Supporting columns founded
on penstock; crowns deflected
due to superimposed load

Minor seepage prevalent
thrcughout masonry wall foun-
dation. Higher concentration
of seepage located at the
right side of the foundation
and the interface with the
right end of the spillway.
The rates of seepage are 5 to
10 gpm and 10 to 20 gpm
respectively

In good condition with the
exception of minor joint eroc-
sion at spillway crest eleva-
tion

Some erosion of bedrock

Excessive random seepage
through stone masonry joints.
The outlet tunnel on left
section of spillway discharges
approximately 50 gpm




Pembroke Dam
Allenstown-Pembroke, NH

November 7, 1978
NE 00377

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED

BY CONDITION & REMARKS
Structural conditien AC No evidence of any distress
B. &Sluice Gates ﬁ’c/ Both gates are inoperable
and deteriorated. Seepage
flowing through and around
gates
DOWNSTREAM CHANNEL
Slope conditions MAC Steep slopes
Rock slides or falls None noted
Control of debris No debris noted
Tress overhanging the
channel None noted
Other obstructions None noted
Existence of gages None
RESERVOIR
Shoreline Stable, no slides noted
Sedimentation None noted; some silting
likely behind spillway
Upstream hazard areas
in event of backflooding 0id mill building on right
side
Changes in nature of
watershed None noted; already well
developed commercial area
along reservoir shore
OPERATION AND MAINTENANCE
FEATURES
Reservoir regulation | None presently exists
Maintenance Ajﬁc' Considerable repairs and
maintenance needed at dam




FIGURE 1
FIGURE 2
FIGURE 3

APPENDIX B

Site Plan
Plan of Dam
Elevation Views

List of Perinent Data not
Included and Their Location

-
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The New Hampshire Water Resources Board (NHWRB) located
at 37 Pleasant Street, Concord, N.H. 03301, maintains a compre-
hensive correspondence file for the dam. Some of the items
included in the file are:

KeD
(2)

(3
(4)
(5)

(6)
(7)

(8)
(9)

USGS "Report on Pembroke Dam" dated June 5, 1918.

NHWRB "Inventory of Dams and Water Power Develop-
ments'" dated August 3, 1935,

The New Hampshire Water Control Commission's (NHWCC)
"Data on Water Power Developments in New Hampshire."

NHWCC "Data on Dams in New Hampshire'" dated April
26, 1939.

NHWRB questionnaires on '"Water Powers in New
Hampshire" dated July 10, 1242 and January 28, 1948,

NHWCC inspection report dated June 1950.

The Public Service Commission’s of New Hampshire
"Dam Record."

NHWRB inspection report dated December 5, 1977.

A January 9, 1978 letter from the NHWRB trying to
identify the dam's owner and initiate repairs.
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APPENDIX D

HYDROLOGIC/HYDRAULIC COMPUTATIONS
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LIST . . g

108 REM: STAGE DISCHARGE PROGRAM FOR PEMBROKE DAM, JOB 163
112 REM: ON TAPE 108, FILE 59

128 Cl=]

130 PAGE

148 PRINT "DISCHARGE FROM PEMBROKE DAM AS A FUNCTION OF HEAD"

156 PRINT USING 168:
168 INAGE - 2T"HEAD"30T"DISCHARGE"

178 PRINT USING 186:

198 IMAGE 1T"(FEET)"32T"(CFS)"

198 PRINT USING 200:

200 IMAGE 15T'C1"SX"TOTAL"SX"LEFT BANK"SX"RIGHT BANK"SX "SPILLWAY"
210 FOR H=0 T0 14.5 STEP 0.5

226 01=0

230 02=0

240 Q4=0

250 @5=0

268 Q3=3%X77%H11,5

270 IF H(=4 THEN 350

298 02=3%5%(H-4)11.5

308 04=3%6%(H~4)11.5

318 IF H¢=7.5 THEN 350
328 01=2,8%5%(H-7,5)11.5
330 05=2,8%9%(H-7.5)11.5

350 Ti=01+G2

368 T2=05+04

376 T3=T14T2+Q3 -
288 GOSUB 430 .

399 PRINT USING 480:H,C1,T3,T1,T2,03 TN
486G IMAGE 17T2D.2Dy8D.2Dy 10D, 12D, 15D, 14D

418 HEXT H

429 END

439 Ci=1

449 11=9

450 G3=C1¥3%774HT1.S



L-a

468
479
438
438
288
S189
528
938
548
950
o968

o
988
550
608
618

C2=C1 ‘

T3=T1+T2+63

I11=I1+]
H1=1,1250%T73+234,.44~244,1
IF H1>246,53-244,.,1 THEN 528
Hi=1/1891%T3+232,68~-244.1
IF Hi{(=8 THEN 590
H2=H-H|

IF H2/H>08.7 THEH €00
Ci=1,0863-8,048%6%H/H2
Q3=R3%C1~L2

IF I1<135 THEN 4560

‘T3=T1+T2+Q3

RETURN
Ci={
RETURN

94



DISCHARGE FROM PEMBROKE DAM AS A FURCTION OF HEAD

HEAD DISCHARGE
(FEET> : (CFS)
. c1 .TOTAL LEFT BANK RIGHT BANK SPILLKAY
0.68 . 1.08 : ) ) ) 2
8.25 1,68 29 0 9 29
8.59 1,69 g2 0 0 g2
8.75 {.66 150 5] 5] 150
1,00 {.00 231 8 9 231
1.25 1,09 323 5] %) 323
1.50 1,80 424 5] 9 424
1.75 1,00 535 8 7] 535
2.68 1,69 653 %) % 653
2.25 1.68 720 8 g 780
2.58 1.69 913 %) 7 912
2.?5 .60 1053 2 5] 1653
3.88 1,08 1280 5] 5] 1200
3.25 1,089 1352 8 5) 1353
2.56 1,08 1513 %) ) 1513
3,75 1,89 1677 5] %) 1677
4,99 1,00 1848 5] 2 1848
4,25 1,09 2028 2 2 20624
4,50 1,88 2217 5 6 2205
4,75 1,08 2413 19 12 - 2391
5.68 1.00 2616 15 18 2583
5,25 1,00 2825 21 25 2779
5.58 1.88 2940 28 33 2320
5,75 1,00 3261 35 42 3185
£.90 1,90 3488 42 51 3395
6,25 1,00 3721 51 61 3609
6.50 1,008 3959 59 71 3828 Y
6.75 1.69 4292 68 82 4851
7.00 1,080 4450 78 94 4278



DISCHARGE FROM PEMBROKE DAM AS A FUNCTION OF HEAD

HEARD DISCHARGE
(FEET) (CFS»

. Cl TOTAL LEFT BANK RIGHT BANK SPILLHWAY
8.80 1.00 9 ) @ a
9.358 1.889 82 8 8 82
1.08 1.88 . 231 8 0 231
1.59 i.08 424 %) 9 424
2.008 1.00 - 633 8 %) 653
2.59 1.00 913 3] ) 913 -
3. 08 1.08 1208 9 @ 12640
3.98° 1.00 1513 B B 1513 .
4.80 i.06@ 1848 ) % 1848
4.508 1.09 2217 o 6 22835
5.80 1.68 2616 13 18 2583
9.38 - 1.98 3849 28 33 2968
6,88 1.80 3438 42 91 3395
5.98 1.80 3958 o3 71 3828
7.980 1.88 4450 78 94 4278
7.58 1.068 4961 98 118 4745
8.88 1.98 5585 125 153 5227
g.58 1.008 6879 1597 197" 5725
9.00 1,088 6678 193 248 6237
8.58 1.08 7389 233 3683 | 6764

19.89 1.06 7845 276 364 73095
18.58 1.80 86180 321 423 7868
11.60 1.00 9235 369 498 8428
11.58 1.00 . 10000 428 971 - 9889
12.89 1.00 18723 73 648 - 9602
12.5¢ 1,08 11465 ves 728 18209
13.049 1.020 12224 986 81} 10827
13.30 1.00 13008 645 897 11458
14,08 1.00 13734 7086 . 987 12101
14.506 1,00 14603 770 1079 12735
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SUNCOOK RIVER DOWNSTREAM OF PEMBROKE DAM
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LT-a

LIST -

108 REM: STAGE DISCHRRGE PROGRAM FOR PEMBROKE CHINA DAM, JOB 165
iég.gggé ON TAPE 1@, FILE €0

138 PRINT *DISCHARGE FROM CHINA DQM AS A FUNCTION OF HEAD"

148 PRINT USING 130;

158 IMAGE 7/~ 2T"HEAD"3@T"DISCHARGE"

168 PRINT USING 1783

178 IMAGE 1T"(FEET)"32T"“(CFS>"

180 PRINT USING 190:;

198 IMAGE 15TYTOTAL"8X*LEFT BANK"8X"RIGHT BANK"8X "SPILLWAY"

208 FOR H=8 TO {3 STEP 0.3

218 Q1=0 :

220 Q2=0

- 2308 (4=89

248 05=0

250 Q3=3,7%143%Ht1.3

260 IF H<=7 THEN 32@

270 (2=2,3*%37%k(H=-7211.9

280 @4=3,3%30%(H~?)11.5

290 (5=2,8%20%(H-7)%(8.5%(H~?)>>11,3

300 IF H{=9 THEN 320

210 Q1=2.8%10%(H~9)>%(0,3%(H~-9))*1,5

328 Ti=Q1+G2

338 T2=QR3+Q4

340 T3=T1472+Q3

350 PRINT USING 368:H,T3
368 IMAGE 2T,2D.1D,14Dy1
378 NEXT H

388 END

T1,T2,Q
D, 180, l?D

y T4
Dy
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DISCHARGE FROM CHINA DAM AS R FUNCTION OF HEAD

HERD . DISCHARGE
(FEET? (CFS)
TOTAL LEFT BaN RIGHT BANK SPILLWAY
2.0 % Q- 8 8
8.5 187 ) g 187
1.8 923 @ 9 o529
1.5 972 B 8 72
2.8 - 1497 g 8 1497
2.9 2991 % e 2891
3.8 2749 9 9 2749
3.3 34€4 o) % 3464
4.8 4233 %) 2 4233
4.5 5631 8 0 98514
.0 5916 ) ) 5916
5.8 6825 ) @ 6825
6.9 7776 9 ) °776
6.9 gres 8 0 8768
7.8 9799 8 8 3739
e 18939 33 39 10868
8.a 12183 93 119 11972
8.3 13518 178 236 13112
9.8 14939 262 392 14286
9.5 16447 367 587 15493
10.6 18045 491 . 823 16732
10.9 15737 633 1102 18882
11.8 21523 796 1426 . 19303
11.5 23410 981 | 1796 20634
12.9 25396 1188 2214 21994
12.95 27485 1420 2682 23383
13.0 29677 1676 3201 24809

114



"13 5 SOUARE

42.381 50 5H

T — —_—

6" Dam Qa.fefy Eembeolie DO-M/#IS’ ¢ Z//Z/?@,&./K

TEsr Feood AweLysis

- Crze CLassipmaron < SPALL

Hezeaep CLmsiFrATon: o |
the hazacd Clissificaton (s low because e Lorlir
G‘F Peméfoke Dam mc)aé/ creav’z ﬁf//f Or Mo 5y ﬂf@(aﬂfﬁ?&u}ﬂd}’eam
1%011'45. The filurewould cause e 12 cise S Ve ovsestrean
Ua‘ér Sur; ﬁce/ ﬁaf-%e ﬂméce cc/oa/ap 57'7// z{f wz/[ .éeéw‘ 4 »4&&#’6%5(;
Jevel. | '
Test Flood: SO fo /00 year

/%'fu'(,o jj‘ucs G SO )/ear /I‘SG[&{“}‘COF /Z{/iﬂcg dn&o a oo ;(eqr
dﬁsc[ageof [§III§ CW%. Re cauce Yhe Aq%qrcp{'s or The low ke
of bw, e will use 12,40 A . (—’-2%%, ~r H%o0? (.sw\.)
._ Dug b }%g }arg.g dra:'nagf arec. {Seé/b- /‘i) aﬁﬁ?gmce[(awr'lqi’/f
5%(036['5+ura3e« €levafian Lurve p.T ’)J‘f'la;s fow wouldnof be s,’jni%a
‘y odienuated by M eond beliind Fembroke Dan,

Whe Fow of 00 ¢ would ?(ODLLCC G S\‘o_ae o€ abaut
[2.4 {eet Qéowz Yhe S?:'?/Lw.y (s’ above Vi cfamcres‘(‘/ elevation 2S6.§
T+ isworth noﬁnﬁ That Aleos (0 year %cu of 6??0 ckwoull
Proopace  Shge 85" above e sp;’//wa/j Odef‘}'vff?ff’j he obuctmers

by 4.g +et .

D-19




e W A s

s

t

NEH

3

R

5 28

-

X\ °°'..A;;“
% .\f'r.n('“”

TR

-5 Glendale!

'olch |

Eifacoys

"'EQ(% Wi 0 s'f
. Cb . &
. o :

Lll\es'

oy e 1, | |
) ‘hrhsnalo Woke <

4

cS
o
\t
=
o
7

1
U 1
©
{32}

r i

o

Y
g

{
]
)

Ry
S

9
ey

E\ /) T
oY X 2
Ao Ny
) £ D) N
),N ;3 ocha:
. o-—- - . o -./~ t
- g ! . ‘(
’.\0. A D e h :'Q—
.-"# ry6 Lor ‘qa ﬂ, A
Strpfio oy 5 -
L, $ “e
N/ AGPERINED Ay
. N Y 5,
6 ik oAl
A “';’R & s W
)’ o) N 1
& s L G
or ~r )vo_$g\3 \;_z"‘?:
(2] .
2 a N
P e 2 N <

DRAINAGE AREA DELINEATION
PEMBROKE DAM._

DRAINAGE AREA = 259 sq. m
SCALE: 1:250,000

;"5 MILES




| MILE |

PR |
S Wil
] 500/ YN
o

Fussle

)

SUNCOOK RIVER, NEW HAMP.

SCALE: 1:62,500

LOCATION AP -
PEMBROKE DAM

[N
D

- DR G S .
_w‘/m i T
A.\l/......f.wo\.ﬁ AP )
)

Ppt
£

]
K Y.

P 7, _,.;m RN

._.r.w\d.ws\.w...h\w.m ) ,c

‘N;.T y 2N A
ﬁ_,./m.. ey
VF.\.\,. = N




s Doam gafd’y 'Pam\;qolke Dam, #1s TG ,Z/IIIW:/ P2
Stocage- Elevotion Curue .
ﬂ\c S'rbr‘ajc— clevation curve for Permbrolie Dam (-

3{\’6” on B.A CWis tarve 1S basedon « surdce arca of on
al(e O.\f\& \I(\Mt. stumrhbnm‘{' Yhe ?on& J%s \Tean SQCQQ& as i i

&Geres > (I\CJ)
s?m TA
= [3813 Acspr,

SD | fe-pr of S%mﬂc= _‘___;J-z 00003" o(:fu.f!b‘Q(
13,8

V' of rise will $+o(tl 0000 72 " of rundtt

1 of fﬁ.nbg:g- over (59 si mi,
—> /" (2%52.%) ( é¢o

D-22



€g-a

* { ~o.| Do e 1 PAF~ [
- 10 X 10 PER INCH

“ISTIIBIN EE.FBRATIOlN
o

O

Elevation. S¥ocane Curve at Pembroke Dam T
T 1
e Tl
T EPY NI %j
au 5 L
- . =i L
7 -
et 11 BPUNBEL U
SeaEa) SYBE: 7 - - ul
S O O 0 O S ~ 4 ARpEEENE
_dadud At- 4
EaRAZLE
up . Sichoidae
Guddiene LD
Tt S
ST R T & el
d" tb F{ 'J' nﬂ’ —f;LJ%L'L
Fii |
T
BEENS Yalalk i)
i e
- T ) é 3 % i % :{
Y e = 1 .
- N HHE s ptH ot il v EE B
i RENY | . 4444 T R ! '
HHETR TR - A - pedEEaun SESERSE




APPENDIX E

INFORMATION AS CONTAINED IN

THE NATIONAL INVENTORY OF DAMS




. i o { ( ( S L A I [ [ f
Ef“"vg INVENTORY OF DAMS IN THE UNITED STATES

0} O 0 6 6 O 0O 0] : ® ® ®
DENTITY| CONGH COMGH : LATITUDE |LONGITUDE | REPOAT DATE
STATE NUMIER. DIVISION| STATE COUNTY. gior | STATE ) COUNTY | ‘nicr o NAME NORTHY | + WEST) | DAY |M0 IYR
e | xrzlvep Lew b13le2 PEMBROKE DAM 1307,6 |7127,2 | 20MARTY.
@ : ®
POPULAR NAME NAME OF IMPOUNDMENT
——— (] ® @ ®
NEAREST DOWNSTREAM oISt ‘
GIONBASN RIVER OR STREAM CITY — TOWN — VILLAGE FROMOAM|  POPULATION
0t Jos | SUNCOOK RIVER PEMHROKE=ALLENSTOWN 0 . .
® @ @ @ @ @
YEAR "Yéaﬁ IMPGUNDING CAPACITIES T :
TYPE OF DAM COMPLETED PURPOSES iﬁ ir RRIGHY [ RaMuN | ‘&%%@WDIST OWN FED R . PRY/FED 8CS8 A VER/D.ATF.
: ART9
REGRPG 1891 0 22 27 3u 30 |[NED N N N N 20MARYT
. ®
REMARKS
23=NONE : -
@@ o @ ® ® @ ® & ® ® ® @B ® @ ®
0/3 SPILLWAY N e ATtk POWER CAPACITY NAVIGATION LOEKS
AAS G [rves NIRTT] (T teY) Al Ml O S T Lt 2 A R Ot A DA B A G S ST el A
E 10R | 1 77 iAasn .
® . @ @
OWNER ' ENGINEERING BY CONSTRUCTION BY
THAMAS HPNGSON AND_SONS
@ ® @ )
REGULATORY AGENCY
OESIGN CONSTRUCTION OPERATION MAINTENANCE
MM wATER HES RD NH wA-TER RES BD NN WATER RES BD NH wATER RES BD
@ ® ®
INSPECTION UATE e
INSPECTION BY DAY 40 | YR AUTHORITY FOR INSPECTION *
GOLDBERG ZOTNO DUNMICLIVFF ASS0C 07NOVTH PUBLIC LAW 92=367

®
REMARKS




